Previous studies on resting cell metabolism of microorganisms relating to p32 incorporation into the intact cell have been carried out by Hotchkiss (1956) for micrococci, lactobacilli, and streptococci, and by Juni et al. (1948) for yeast. These studies in the main were concerned with turnover of various intracellular phosphoruscontaining compounds during conditions under which the organism was making protein from amino acids (Hotchkiss, 1956) or during ammonia assimilation (Juni et al., 1948) .
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abolished it. These phenomena will be described and data are presented which indicate that incorporation with glucose, even though carried out aerobically, may be an anaerobic process, whereas the ethanol-dependent P32 incorporation probably involves an aerobic mechanism.
MATERIALS AND METHODS
Cultures and media. The principal organism used in the study was Clostridium perfringens strain BP6K. Other species employed were Escherichia coli, Bacillus subtilis strain 9789, Clostridium butyricum, and Clostridium kluyveri.
Medium A, consisting of 1 per cent yeast extract, 1 per cent tryptone, 1 per cent glucose, and 0.5 per cent K2HPO4, was used routinely to grow cells of C. perfringens. The organism was usually harvested after 5 hr growth at 37 C. A 1 per cent inoculum of an active 12-hr heart infusion broth culture was used for the medium A culture. The heart infusion broth, with solid heart particles at the bottom of the tube, has been described by McClung (1944) . The broth was supplemented with 1 per cent yeast extract, 1 per cent tryptone, 0.5 per cent K2HPO4, and 1 per cent glucose.
E. coli was harvested after 18 hr at 30 C from Penassay medium (Difco); C. butyricum, after 18 hr at 37 C, from Brewer's thioglycolate medium (Difco); and B. subtilis, after 12 hr at 30 C with aeration, from a 0.5 per cent glucose nutrient broth. C. kluyveri was grown on thioglycolate medium (BBL) and harvested after 24 hr at 38 C.
Manometric methods. Oxygen uptake measurements were conventional ones employing the usual manometric technique. Most experiments were carried out using the following protocol: 20 j.moles of glucose, 4.5 mg of cells (dry weight), in a total volume of 3.0 ml of 0.1 M Tris buffer, pH 7.4. Two-tenths ml of 20 per cent KOH was in the center well. With ethanol as substrate, 0.2 ml of 95 per cent or absolute ethanol was used. The temperature was 24 C. 125 The reaction mixture contained the same concentrations of components used in the manometric experiments described in the text except that the total volume was increased 50-fold. The mixtures were in 4-L flasks, shaken for 2 hr at 24 to 25 C. The cells were recovered by centrifugation at 4 C and washed twice with distilled water. The level of radioactive phosphate in each mixture was 1.2 to 1.5 X 106 cpm. No carrier phosphate was added (the absolute level of radioactive phosphate was about 10-Amoles). (Barker, 1957) .
RESULTS
Substrate-dependent incorporation of P32. The fact that resting cells of C. perfringens would oxidize glucose, ethanol, or DPNH aerobically, prompted us to see if labeled phosphate would be taken up during the respiration with either glucose or high levels of ethanol. It was noted that p32 could be measured in the washed wholecell fraction recovered from the aerobic incubation. P32 incorporation with DPNH was not attempted because early experiments showed a contribution of unlabeled phosphate into the media, presumably from the cleavage of the reduced DPN. Table 1 shows the substratedependent p32 incorporation with glucose and ethanol. The incorporation was always of a greater magnitude with glucose than with ethanol. No significant incorporation occurs unless substrate is present. The uncoupler of oxidative phosphorylation, DNP, produced a different effect upon ethanol and glucose in that the phenol enhanced the glucose-dependent p32 incorporation and abolished the ethanol-dependent incorporation. Abolition of P32 incorporation by gramicidin. (1) Glucose as substrate:-When gramicidin was tested for its effect upon the glucose-dependent P32 incorporation it was found that, unlike the DNP effect of enhancement, the P32 incorporation was abolished. This can be seen in table 4 which shows in two separate experiments the sensitivity of the anaerobic P32 incorporation to gramicidin and the-different effects shown between gramicidin and DNP with respect to incorporation of the phosphate. The fact that the gross qualitative effects between gramicidin and DNP were paralleled in anaerobic as well as aerobic experiments made it difficult to distinguish between true anaerobic and aerobic P32 incorporation.
Because, in the case of gramicidin, an abolition of P32 incorporation was observed, it was of interest to determine by manometric means whether the inhibition was due to an interference of oxygen uptake and anaerobic fermentation. It can be seen in figure 1 and table 5 that, under the conditions employed in the P32 incorporation experiments, with Tris buffer and concentrations of gramicidin which inhibited p32 incorporation, the respiration and fermentation, as measured by oxygen uptake and gaseous evolution (CO2 and H2 evolution), respectively, were also inhibited. Normal respiration and fermentation (no gramicidin added), that was measured manometrically, proceeded at faster rates in phosphate medium than in Tris buffer. The gramicidin effect was examined in phosphate buffer, although the latter buffer must be omitted in the large-scale P32 incorporation experiments. In figure 1 and table 5 a phos- figure 1 and table 5 it was concluded that the gramicidin inhibition of the glucose-dependent P32 incorporation was the result of interference of glucose dissimilation.
In connection with our observed phosphate antagonism of gramicidin inhibition of glucose metabolism, it is pertinent to cite another recently observed phosphate antagonism in which inactivating levels of dihydrostreptomycin for E. coli were rendered less effective by added phosphate (Hurwitz and Rosano, 1958) .
(2) Ethanol as substrate:-The afore-mentioned experiments with glucose as substrate do not allow a clear-cut distinction to be made between aerobiosis and fermentation with regard to the action of gramicidin or DNP, since both agents have similar effects on glucose metabolism under anaerobic and aerobic conditions. In this regard the use of ethanol as a substrate gave a clearer picture since complications between aerobiosis and anaerobiosis are not present.
For example, table 6 shows that with ethanol, respiration is the only process involved and that furthermore the respiration is related to P32 incorporation since anaerobically there is no significant P3 incorporation. The agent DNP is most effective in inhibiting the ethanoldependent P32 incorporation. Although it is not shown in the table, gramicidin also prevents the P3 incorporation into the cells when ethanol is the substrate. It is interesting and significant to point out that, although an inhibition by DNP and gramicidin on P32 incorporation can be demonstrated, these agents show virtually no inhibition of respiration as measured by oxygen uptake when ethanol is the substrate. This means that with ethanol, unlike the glucose oxidation, the P3 incorporation can be blocked by agents which have no effect on the course of the oxidation.
Concomitant with the oxygen uptake during the respiration with ethanol, the formation of acetaldehyde was measured. The stoichiometry of the reaction is shown in figure 2 . The ethanol oxidation then appears to be a single step process. The fact that P3 incorporation is dependent upon a single step oxidation like ethanol to acetaldehyde provides a simple model system for further investigating oxidative phosphorylations in anaerobes.
Other organisms. The previously described work refers solely to C. perfringerm strain BP6K.
No attempt was made to study the scope of the phenomenon of substrate-dependent P32 incorporation other than the following preliminary testing in two other clostridia, E. coli, and B. and glycerol. The use of gramicidin (70 /Ag per ml) (2.5 X 10-5 M) and DNP (1.7 X 10-4 M to 6.1 X 10-4 M) inhibited phosphate accumulation in the cells employed by Hotchkiss; in our experiments with clostridia, the abolition of incorporation was achieved with these agents when ethanol was the substrate, but only gramicidin inhibited when glucose was used. On the basis of observed inhibitory effects of gramicidin on gaseous exchange in respiration and fermentation of the whole cells metabolizing glucose, it seems reasonable that gramicidin, by preventing glucose utilization, interferes with P32 incorporation. The curious DNP enhancement of the glucose-dependent p32 incorporation was found in C. perfringens and C. kluyveri. The absence of the substrate-dependent P32 incorporation in C. butyricum reported here is on the basis of a single physiological state and further testing of various cell ages from different media could only insure that the phenomenon is indeed absent in C. butyricum.
The experiments regarding the effect of gramicidin and DNP upon glucose metabolism in the resting cells of C. perfringens do not allow one to distinguish between aerobiosis and anaerobiosis as to which process is the one stimulated by DNP and inhibited by gramicidin. Although the effects of gramicidin and DNP are different, these differences are maintained whether the experiment is done aerobically or anaerobically. It is likely that the gramicidinsensitive site (or sites) is common to both aerobic and anaerobic pathways of glucose dissimilation. The (2) It is possible that the P32 uptake associated with the oxidation of ethanol may actually be linked with the oxidation of reduced DPN. A possible mechanism by which oxidative phosphorylation might occur in anaerobes has been discussed previously (Kaplan, 1955) and recently. significant evidence for this type of phosphorylation has been reported by Shuster and Gunsalus (1958) .
Determinations for TCA-soluble or TCAinsoluble metaphosphates were not made and it is possible that these compounds may have accumulated in our experiments. Juni et al. (1948) have reported their occurrence in glycolyzing yeast cells. It is interesting to note that the 15 per cent TCA-insoluble residue in the cells of clostridia represents a level of the same magnitude reported by Hotchkiss (1956) in micrococci and other gram-positive cocci.
SUMMARY
It has been found that the incorporation of inorganic P3204 by resting cells of Clostridium perfringens requires the presence of a substrate such as glucose or ethanol. The uptake of p32 is observed both anaerobically and aerobically with glucose but only aerobically with ethanol.
Gramicidin in concentrations of 10-6 M inhibits both the anaerobic and aerobic uptake of p32. This has been found to be due to the inhibition of glucose breakdown as measured by oxygen uptake under aerobic conditions and H2 and CO2 evolution under anaerobic conditions. The inhibition of glucose dissimilation by gramicidin is anitagonized by inorganic phosphate.
Dinitrophenol stimulates the uptake of phosphate when glucose is substrate, but inhibits the incorporation of phosphate when ethanol is used.
Preliminary phosphate incorporation experiments have been carried out with other organisms. In this connection, it has been found that Clostridium kluyveri, like C. perfringens, shows a glucose-dependent p3 incorporation which is stimulated by dinitrophenol. The glucosedependent uptake of P3O4 in Bacillus subtilis is inhibited by dinitrophenol; the agent does not inhibit the substrate-dependent p32 incorporation in Escherichia coli when either glucose or ethanol are used as substrates.
